with end-stage renal disease (ESRD) have reduced bone System (USRDS) to identify all new Caucasian dialysis patients mineral density, a risk factor for fracture in the general who began dialysis between January 1, 1989 , and December population [6] [7] [8] . In addition, a cross-sectional study re- 31, 1996 . All hip fractures occurring during this time period ported that osteopenia among Japanese men with renal were ascertained. The observed number of hip fractures was failure was associated with an increased risk for vertebral compared with the expected number based on the experience of residents of Olmstead County (MN, USA). Standardized fracture [9] . However, the incidence and relative risk of incidence ratios were calculated as the ratio between observed hip fracture in dialysis patients compared with the genand expected. The risk attributable to ESRD was calculated eral population are not known. We conducted a populaas the difference between the observed and expected rate of tion-based cohort study to estimate the risk of hip frachip fracture per 1000 person-years.
ture among Caucasian dialysis patients compared with
Results. The number of dialysis patients was 326,464 (55.9% male and 44.1% female). There were 6542 hip fractures obthe general U.S. population.
served during the follow-up period of 643,831 patient years. The overall incidence of hip fracture was 7.45 per 1000 person years for males and 13.63 per 1000 person years for females.
METHODS
The overall relative risk for hip fracture was 4.44 (95% CI,
Patients
4.16 to 4.75) for male dialysis patients and 4.40 (95% CI, 4.17 This study used data from the United States Renal to 4.64) for female dialysis patients compared with people of the same sex in the general population. While the age-specific Data System (USRDS). The details of the USRDS relative risk of hip fracture was highest in the youngest age data collection techniques are described elsewhere [10] .
groups, the added risks of fracture associated with dialysis rose Briefly, the USRDS collects information on the incisteadily with increasing age. The relative risk of hip fracture dence, prevalence, treatment, morbidity, and mortality increased as time since first dialysis increased.
of ESRD patients who have survived more than 90 days
Conclusions. The overall risk of hip fracture among Caucasian patients with ESRD is considerably higher than in the on dialysis. Data are derived from the ESRD Medical general population, independent of age and gender.
Evidence Form, Medicare billing records, United Network for Organ Sharing transplant records, ESRD Network Census reports, and ESRD death notification reIn the general population, hip fractures are an imporports. All Caucasian patients who began dialysis between tant public health problem. In 1991, there were an estiJanuary 1, 1989, and December 31, 1996 (N ϭ 326,464), were included in the analysis. NonCaucasian dialysis patients were excluded because race-specific incidence choose a comparison group that reported the racial distribution because our comparison group was the only pub-lished report of hip fracture rates that included younger the first treatment of ESRD was categorized into zero to one year, one to two years, two to four years, and patients. Patients who lack any evidence of payment activity in the Medicare database for one year are classimore than four years. For each of these groups, hip fracture incidence and total observed patient years were fied by the USRDS as lost to follow-up; they were censored in our analysis at that time. calculated. These rates were then compared with the Olmstead County population via SIRs.
Hip fracture
Hip fractures were determined by identifying Interna-RESULTS tional Classification of Diseases, 9th Revision (ICD-9)
There were 6542 hip fractures during the follow-up codes indicating first cervical, intertrochanteric, or subperiod of 643,831 patient-years. The age-specific incitrochanteric hip fracture. The ICD-9 codes are derived dence rates of hip fracture for both the ESRD patients from Health Care Financing Administration Standard and the general population, by gender, are described in Analytical Files, which contain data on inpatient hospital Tables 1 and 2 . The overall incidence of hip fracture was stays. ICD-9 codes were available in the USRDS data-7.45 per 1000 person-years among men and 13.63 per base for the period January 1, 1989, to December 31, 1000 person-years among women. The incidence in-1996. The observed number of hip fractures was comcreased with increasing age and remained lower among pared with that expected based on the experience of men than among women for all age groups. residents in Olmstead County (MN, USA) [11] .
For both men and women, the overall age-adjusted Data analysis incidence for the ESRD population was approximately fourfold higher than that of the general population; the The incidence of hip fracture was calculated as observed relative risk for hip fracture was 4.44 (95% CI, 4.16 to hip fractures identified per total patient time at risk. Pa-4.75) among males and 4.40 (95% CI, 4.17 to 4.64) among tient time at risk is the sum of the time contributed by females (Tables 1 and 2 ). The relative risk of hip fracture each person in the population over the risk period. Expowas greatest in the youngest age group for both men and sure time was defined as the period 90 days after the first women and approached that of the general population in dialysis treatment to the time of hip fracture or censoring the oldest age group. However, the added incidence of (death, loss to follow-up, or end of study). Since the results hip fracture associated with ESRD increased with age of the analysis did not change after censoring patients at and was greater for women than men. The magnitude the time of transplant, person time that occurred after of the added risk of hip fracture ranged from approxitransplant was not excluded from the analysis. mately 2 per 1000 per year in persons under 45 years to The expected number of hip fractures was calculated by multiplying the number of appropriate person years 20 per 1000 person years in those 85 years and older. at risk by the corresponding age-specific hip fracture
The incidence ratios for hip fracture stratified by time incidence rate for the reference population (Olmstead since first dialysis treatment for ESRD for men and County). Standardized incidence ratios (SIRs) were comwomen, standardized for age, are shown in Table 3 . The puted as the ratio of the number of observed hip fracrisk of hip fracture rose with increasing duration since tures to the number of expected hip fractures. SIR can first dialysis for both men and women. This trend was be interpreted as the relative increase in the incidence seen among all age groups. rate in the ESRD population compared with that of the comparison population. Confidence intervals were DISCUSSION calculated using the normal approximation to the PoisThe overall incidence of hip fracture among patients son distribution [12] . The added rate of hip fracture who had undergone renal dialysis was about fourfold caused by ESRD, that is, the risk attributable to ESRD, higher than what would be expected in the general popuwas calculated as the difference between the observed lation. This increased risk of hip fracture was found rate of hip fractures per 1000 person years and the examong both men and women. Whereas the SIR was pected rate of hip fractures per 1000 person years. It highest in the youngest age group and decreased with may be interpreted as the incidence of hip fracture that increasing age, the risk attributable to dialysis increased is due to ESRD and is useful for estimating the magniwith increasing age. tude of the public health problem.
Our data are consistent with data from the general To determine whether an association between the incipopulation in which the incidence of hip fracture indence of hip fracture and the time since first dialysis creases with age and is greater in women than men treatment for ESRD existed in these data, age-adjusted [13] [14] [15] [16] [17] . The increased risk of hip fracture compared with incidence ratios were again computed. Time since the the general population is also consistent with studies start of ESRD included time on any form of dialysis, as well as time accrued after transplantation. Time since demonstrating relatively lower bone mineral density The underlying basis for the increased risk of hip fracture in the ESRD population is likely multifactorial. It has been postulated that factors specific to ESRD, such as metabolic bone disease, ␤2-microglobulin-related amamong dialysis patients [18] . Low bone mineral density yloidosis, hypogonadism, avascular necrosis, and chronic is a risk factor for hip fracture in the general population acidosis, may increase bone loss among ESRD patients, [19] and has been associated with vertebral fracture in placing them at increased risk for fracture [18] . These the dialysis population [9] .
processes alter bone architecture and are thought to inThe relative risk of hip fracture was highest in the crease bone fragility. It is also possible that the excess youngest age groups. However, the added risk of hip risk of fracture among dialysis patients is due to a greater fracture was highest among the oldest patients. The relaburden of factors that are known to be risk factors for tive risk is the relative increase in the incidence rate in the ESRD population compared with that of the comparison fracture in the general population, such as immobility, abnormalities in vitamin D metabolism, protein wasting, population. Since the incidence of hip fracture in the general population is much lower among younger people low body mass, and diabetes [19] [20] [21] [22] [23] [24] [25] . Further studies are necessary to clarify the relative contribution of these than older people, similar absolute increases in the incidence of hip fracture among younger and older patients factors to the risk of hip fracture among ESRD patients. This study has several limitations. Ascertainment of with ESRD will result in a higher relative risk among younger persons. In contrast, the added risk-the differhip fracture required that a patient had been hospitalized rather practices found in the entire ESRD population.
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Our study demonstrates that the risk of hip fracture 
